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SUBCARRIER GROUP BASED POWER
CONTROL FOR OFDMA SYSTEMS

RELATED APPLICATION

This application 1s a continuation of U.S. application Ser.
No. 11/491.,470, filed Jul. 21, 2006, now U.S. Pat. No. 8,320,
396, entitled “SUBCARRIER GROUP BASED POWER

CONTROL FOR OFDMA SYSTEMS” which 1s hereby
incorporated herein by reference.

TECHNICAL FIELD

The mmvention relates generally to wireless power level
control, and more particularly, to controlling power levels for
subcarriers.

BACKGROUND OF THE INVENTION

For cellular Orthogonal Frequency Division Multiple
Access (OFDMA) systems with an aggressive frequency
reuse plan, using equal power for all subcarriers 1n the down-
link transmission may lead to severe inter-cell or inter-sector
interference. This may then produce undesirable results, such
as outages and low system throughput. Individualized power
control that 1s tailored to each specific user can reduce inter-
terence, but may use a significant portion of the system band-
width for power control. This may also reduce system
throughput.

With an equal downlink power system, all subcarriers are

allocated with equal power. Near cell boundaries, users may
experience multi-cell interference, because users may be
receiving subcarriers, that were transmitted with equal power,
from different base stations at near-equal distance. For a user
operating with a particular subcarrier just inside the boundary
of one cell, the interfering signal from the base station 1n an
adjacent cell may be nearly as strong as the desired signal.
This user may then experience a fairly low signal-to-interfer-
ence ratio (SIR), which could result 1n poor quality service,
inetficient bandwidth usage or an outage.
Users close to a base station, however, are likely to receive
a relatively strong signal which provides a high SIR. Often,
the SIR may be higher than 1s necessary 1n order to achieve
acceptable performance. In some cases, the SIR 1s high
enough that some of the transmitter power may be wasted on
diminishing performance gains. An imbalance 1n SIRs across
users, that may range from unacceptably low to potentially
wasteful, will hamper the overall system efliciency and
throughput.

Alternatively, downlink power control that custom-tailors
transmit power based on specific user needs can maintain the
range ol SIRs across users within a more narrow range of
values. Thus, a user nearby a base station may not receive a
high power transmission, but rather only enough power to
maintain an acceptable SIR. Since the subcarrier allocated to
the nearby user may be transmitted with less power than 1n an
equal power system, that particular subcarrier 1s less likely to
interfere with a user in a neighboring cell or sector who 1s
using the same subcarrier.

Unfortunately, 1n a custom-tailored power system, each
user may often need to communicate power control informa-
tion back to the serving base station 1n a closed loop configu-
ration. This communication requirement will use system
bandwidth for each user, affecting overall system eificiency
and throughput. Additionally, the base station may have an
additional computational burden attempting to tailor power
levels for each user.
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2
BRIEF SUMMARY OF THE INVENTION

Embodiments of the mvention provide for group-based
power control, wherein subcarriers are grouped according to
differing power levels. By using power groups, which may be
pre-defined or tailored during operation, the computational
burden on the base stations may be reduced. Further, each
user may not need to send the same amount of data as 1n a
custom-tailored power system, thereby reducing the band-
width required for power control.

Power level grouping may divide a plurality of subcarriers
into different groups, such that within a group, all the subcar-
riers have the same power level, but different groups have
different subcarrier power levels. Power level groups may be
determined arbitrarily, or may use either historical or pre-
dicted cell usage loads to provide an appropriate number of
subcarriers at different power levels. Groups need not be of
the same size, nor does there need to be evenly-spaced power
differences between the group with the lowest power level
and the group with the highest power level. Embodiments of
the 1nvention may have any number of groups, each of any
s1ze, and further, the group definitions may vary dynamically.
That 1s, a particular set of groups could be dynamically
adjusted, by both moving subcarriers from one group to
another, and also by adjusting power levels. Such adjustments
may be made i order to provide subcarriers in the proper
power ranges to serve the users 1n a cell, while minimizing
interference.

According to one embodiment, a user may communicate
power requirement or subcarrier preference mmformation to
the serving base station, which then selects a subcarrier from
a group with suificient power for that particular user’s needs.
A determination of a power requirement may use a compari-
son of the signal power from the serving base station with the
signal power from a neighboring base station. Further, power
requirement determinations may be updated, which may then
drive a change 1n a user’s subcarrier assignment within a cell
Or sector.

Embodiments of the invention provide for neighboring
cells or sectors to use different subcarriers in the group with
maximum power, so that neighboring cells or sectors may not
be simultaneously’ transmitting the same subcarriers at the
highest power level. For example, the subcarriers that are
transmitted with highest power 1n one cell may be transmitted
with a lower power 1n an adjacent cell. By avoiding the
situation in which adjacent cells or sectors simultaneously
transmit the same subcarriers at the highest power levels,
inter-cell or inter-sector interference may be reduced. By
reducing the interference, overall system eificiency and
throughput may be enhanced.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention 1n order that the
detailed description of the mvention that follows may be
better understood. Additional features and advantages of the
invention will be described hereinafter which form the sub-
ject of the claims of the invention. It should be appreciated by
those skilled mn the art that the conception and specific
embodiment disclosed may be readily utilized as a basis for
moditying or designing other structures for carrying out the
same purposes of the present mmvention. It should also be
realized by those skilled 1n the art that such equivalent con-
structions do not depart from the spirit and scope of the
invention as set forth in the appended claims. The novel
teatures which are believed to be characteristic of the mven-
tion, both as to its organization and method of operation,
together with further objects and advantages will be better
understood from the following description when considered
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in connection with the accompanying figures. It 1s to be
expressly understood, however, that each of the figures 1s
provided for the purpose of 1llustration and description only
and 1s not intended as a definition of the limits of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present mven-
tion, reference 1s now made to the following descriptions
taken 1 conjunction with the accompanying drawings, in
which:

FIG. 1 shows a network system adapted according to an
embodiment of the present invention;

FI1G. 2 shows a plot of subcarrier power-based groupings as
may be implemented with respect to the network system of
FIG. 1, according to an embodiment of the mvention;

FIG. 3 shows a method for subcarrier assignment accord-
ing to an embodiment of the invention.

FIG. 4 shows a base station adapted according to an
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows map 10 of three neighboring cells 11, 12 and

13, served by base stations 101, 102 and 103, respectively,
with users 104 and 105 at different distances from serving
base station 101 1n cell 11. Controllers 1011, 1021 and 1031

control the operation of base stations 101, 102 and 103,
respectively. User 104 1s nearby base station 101, while user
105 1s near the intersection of cell boundaries 106, 107 and
108.

Without downlink power control, user 105, who 1s rela-
tively far from serving base station 101 and roughly equidis-
tant from all three base stations 101, 102 and 103, may expe-
rience relatively strong interferences from neighboring base
stations 102 and 103 under an equal downlink power system.
In such a scenario, user 105 may be able to sustain only a
low-capacity data link while occupying a large portion of
system bandwidth, resulting 1n nefficient bandwidth usage.
Additionally, user 105 might experience poor quality service
or be subject to a, service outage. Possible ways for user 105
to compensate for a low SIR 1nclude using a low rate coding,
scheme and using wide frequency spreading.

User 104 presents different 1ssues under an equal downlink
power system. Since user 104 1s near the base station, user
104 1s likely to experience a fairly high SIR. Unfortunately, 11
the SIR 1s higher than 1s really necessary to achieve adequate
signal quality, the excess power consumed by base station 101
will not only be a waste of system resources, but will also
contribute to the interference level in neighboring cells 12 and
13. This interference then potentially reduces the data trans-
mission rates of any users 1n cells 12 and 13. Thus, equal with
an downlink power system, valuable system resources, such
as bandwidth and power, may be wasted, and the throughpu
ol the overall system may not be optimized.

The system shown 1n FIG. 1 1s, however, adapted to use an
embodiment of the invention, and thus base station 101 trans-
mits to 104 at a reduced power level as compared with an
equal downlink power system. This reduction 1n transmuit
power to user 104 would reduce interference seen by users in
cells 12 and 13, possibly allowing users 1n those cells to use a
higher rate coding scheme. However, base station 101 would
still provide adequate power to maintain an acceptable SIR
for user 104. Further, user 105 would also see an increased
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SIR, because neither base station 102 nor 103 would be
transmitting full power on the same subcarrier as the one used

by user 105.

Each base station shown 1n FIG. 1 may provide a number of
different subcarriers 1n order to serve multiple users. The
subcarriers may be differentiated, for example, by differing

frequencies or frequency-hopping schemes. With an equal
downlink power system, all subcarriers will have identical
power. However, 1t 1s not necessary for all subcarriers to be
transmitted with the same power. Rather, the subcarriers are
allocated into groups, according to an embodiment of the
invention, such that each subcarrier within a group has the
same transmit power level as other subcarriers within that
same group, but from one group to another, the transmit
power 1s different. That 1s, the groups will have consistent, but
unequal transmit power.

The group allocations may be somewhat arbitrary, or may
be optimized based on system environment and characteris-
tics. In a particular cell, the number of different groups may
be arbitrary, and may even change over time, based on system
needs. For example, 1n a particular cell, historical usage pat-
terns may indicate that with typical cell loading, a certain
percentage of users are near the base station and require
relatively little power, while another percentage of users tends
to require maximum power due to distance from the base
station. The power requirements may be divided 1into a num-
ber of ranges, and the expected number of users 1in each range
may then be estimated.

The number of subcarriers in a particular group may be
arbitrary, and also may even change over time. Further, the
power levels assigned to the subcarriers of each group may
not need to be stepped equally between a minimum and
maximum level, but rather may be tailored as needed for a
particular cell environment. From one cell to another, the
group allocations, including the number of groups, the num-
bers of subcarriers 1n various groups, and group power pro-
files may be sigmificantly different. Any of the allocation
parameters may change dynamaically without departing from
the scope of the invention.

Controllers 1011, 1021 and 1031 control the group power
levels and subcarrier assignments. They may also assist 1n
collecting and analyzing the historical usage patterns that
could be used for determining power level group character-
istics. Further, controllers 1011, 1021 and 1031 may commu-
nicate with each other in order to allow dynamic changes in
group allocations without the situation arising where two
adjacent cells might assign the same subcarrier to the highest
power level group.

FIG. 2 shows a plot of the relative subcarrier powers for
representative group allocations 201, 202 and 203 for the
three different cells, 11, 12 and 13 of FIG. 1. FIG. 2 shows
nine subcarriers for illustrative purposes, although an actual
system could have any number of subcarriers. For example, a

typical number of subcarriers for a Orthogonal Frequency
Division Multiple Access (OFDMA) system may be 512 or

1024. Although the figures are described 1n terms of OFDMA
subcarriers, embodiments of the mvention could comprise
any communication system with a channel reuse plan, and
using any transmission scheme.

As shown, allocation 201 has nine subcarriers, 2011a-c,
2012a-c and 2013a-c divided 1nto three groups: 2011, 2012
and 2013, with unequal transmit power. In each group of
allocation 201, all subcarriers have equal power, but all
groups have different power levels. That 1s, the groups have a
consistent subcarrier power level that 1s different from a sub-
carrier power level of a different group. For example, subcar-
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riers 2011a-c all have the same power as each other, but a
different power level than groups 2012 and 2013.

Further, the groups in a particular cell may be defined,
based 1n part on the groups of neighboring cells, such that
only one of a group of neighboring cells or sectors transmits
a particular subcarrier with the highest power level. For
example, cells 11,12 and 13, shown 1n FIG. 1, may all use the
same set of subcarriers at the same frequencies. Allocation
202 has nine subcarriers, 2021a-c, 2022a-¢ and 2023a-c
divided 1nto three groups: 2021, 2022 and 2023, and alloca-
tion 203 has nine subcarriers, 2031a-c, 2032a-c and 2033a-c

divided into three groups: 2031, 2032 and 2033. Cell 11 with

allocation 201 has group 3 as the highest power level, cell 12
with allocation 202 has group 2 as the highest power level,
and cell 13 with allocation 203 has group 1 as the highest

power level.
Subcarriers 2013a, 20234 and 2033¢ may use the same

frequencies, but due to the unequal power levels associated

with their respective groupings, only 2013a will reach user
105, near the intersection of boundaries 106, 107 and 108
shown 1 FIG. 1, after being transmitted with maximum
power. Compared with a system that transmaits all subcarriers
with equal downlink power, subcarriers 2011a and 2021a
from neighboring base stations 102 and 103 of FIG. 1 will be
transmitted at lower power levels, and therefore should
reduce the level of interference experienced by user 105.

Since subcarriers with the highest power level would typi-
cally provide the best SIR for users near a cell boundary, the
lower power subcarriers would likely be used for users that
are closer to the base station. For example, since user 104 of
FIG. 1 1s nearby base station 101, user 104 would likely be
assigned a subcarrier from either group 2011 or 2012. User
104 should still recerve adequate signal strength, even with
reduced transmission power, due to the short distance from
base station 101. As a user moves 1n a cell or sector, 1f the
user’s power requirement changes, the subcarrier assignment
would typically change, rather than the power level of the
subcarrier 1tself changing. This allows user mobility within
the cell, which changes user power requirements, while pre-
serving the advantages of the reuse plan described above.

Compared with a custom-tailored power system, the
grouping scheme allows for a simpler implementation, with a
reduced bandwidth demand for the power control. That 1s, the
group allocations may be determined from another feedback
mechanism other than individual user SIR reporting. Possi-
bilities include system loading and usage profile histories,
uplink strength, or any other acceptably reliable method for
predicting the likely transmit power needs for multiple users.
Cell or system loading histories may include the power levels
required by users 1n a particular cell, and the number of users
with power requirements within certain ranges. These histori-
cal need ranges may, under proper circumstances, be used for
predicting likely needs at a future time. Cell loading history,
however, 1s a possible, rather than necessary, way of deter-
mimng the number and power levels of the groups. By remov-
ing the need for continual individual feedback, and using an
alternative method for estimating power needs, system band-
width may be used more efficiently.

As another comparison, if the total transmit power for the
unequal power group system was the same as that for an equal
power system, more power would be available for the subcar-
rier group having the highest power 1n the unequal power
system. This would additionally improve the signal-to-noise
(SNR) ratio of users near a cell boundary, where noise
includes unwanted signals 1n addition to interfering signals
from neighboring base stations.
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The power groups may be predetermined, or may adapt, 11
necessary to increase or decrease the number of subcarriers in
a particular group. A base stations may monitor the power
allocations of neighboring base stations for either its own
power grouping initialization, or else to assist in tailoring
changes to the power groups. Thus, a base station may
dynamically define or modify its power groups in response to
the neighboring power groups. As a further system enhance-
ment, the various base stations may be centrally-controlled, in
order to optimize eificiency on a system-wide level.

Subcarrier assignment may be made using a method such
as method 30, shown 1n FIG. 3. A new user enters the system
in box 301, and needs assignment information 1n box 302.
Various approaches may be used for estimating interference
parameters without departing from the spirit and scope of the
invention. For example, a user can estimate subcarrier SNRs
in box 303q, estimate relative base station signal strength
using pilot data in box 3035, or identifies acceptable subcar-
riers 1 box 303c¢. It should be noted that in many cases, a
comparison of signal strength between signals originating at
different locations may indicate the ratio of the user’s dis-
tances from the different locations. Also, a user’s 1dentifica-
tion of acceptable subcarriers may include a preferential
order for requested assignment for those subcarriers provid-
ing a signal quality satisiying a minimum threshold. The user
relates assignment information 1 box 304. The power level
groups are defined 1n box 305, which may have occurred
before box 301, or else box 305 may be revisited to refine
group definitions during system operation. In any case, with
groups defined, a subcarrier 1s assigned to the new user 1n box
305. Since the user’s power requirements may change, the
method may return to box 302 for updating the assignment
information.

FIG. 4 shows base station controller 1011 comprising
memory 401 and controlling transmitter 402. Memory 401
may be used to store mnformation necessary for the operation
of controller 1011, including group definitions and user
requests, and optionally adjacent cell group definitions and
usage statistics. Controller 1011 may operate alone, 1n con-
junction with other controllers, such as controllers 1021 and
1031 shown in FIG. 1, or else may be linked to optional
system controller 403, which provides system-level planning
and control for multiple base stations.

Although the present invention and its advantages have
been described 1n detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by the appended claims. Moreover, the scope of the
present application 1s not intended to be limited to the par-
ticular embodiments of the process, machine, manufacture,
composition of matter, means, methods and steps described in
the specification. As one of ordinary skill in the art will
readily appreciate from the disclosure of the present inven-
tion, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to
be developed that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present invention. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,

methods, or steps.
What 1s claimed 1s:

1. A method of wireless communication power control

comprising;
allocating a first plurality of subcarriers into a first plurality
of groups, subcarriers within each group of said first
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plurality of groups having a consistent subcarrier power
level, said each group of said first plurality of groups
having a different subcarrier power level from other
groups of said first plurality of groups;

allocating a second plurality of subcarriers into a second
plurality of groups, subcarriers of each group of said
second plurality of groups having a same subcarrier
power level, said each group of said second plurality of
groups having a different subcarrier power level,
wherein a group with a highest subcarrier power level in
said second plurality of groups uses different subcarriers
than a group with a highest subcarrier power level 1n said
first plurality of groups;

receiving at a first communication device at a first transmit
location and from a user device at a first receive location
a determined suitable subcarrier power level, wherein
said determined suitable subcarrier power level 1s based
at least 1in part on a comparison of a signal power of a first
signal recerved at said user device at said {first receive
location and transmitted from said first communication
device at said first transmit location with a signal power
of a second signal received at said user device at said first
receive location and transmitted from a second commu-
nication device at a second transmit location;

assigning one subcarrier of said first plurality of subcarri-
ers to a wireless communication link, said one subcarrier
belonging to a group of said first plurality of groups, said
consistent subcarrier power level of said group of said
first plurality of groups being suitable for said wireless
communication link based on said determined suitable
subcarrier power level, and said wireless communica-
tion link uses Orthogonal Frequency Division Multiple
Access (OFDMA);

receiving an updated suitable subcarrier power level; and

assigning to said wireless communication link a new sub-

carrier from a different group of said first plurality of
groups based on said updated suitable subcarrier power
level.
2. The method of claim 1, wherein said allocating said
second plurality of subcarriers into said second plurality of
groups 1s dynamic allocation using allocation information for
said first plurality of groups.
3. The method of claim 1, wherein said first communica-
tion device at said first transmit location communicates using,
said first plurality of groups and said second communication
device at said second transmit location communicates using
said second plurality of groups.
4. The method of claim 1, further comprising;
estimating an 1nterference parameter using said compari-
son of said signal power of said first signal recerved at
said user device at said first recerve location and trans-
mitted from said first communication device at said first
transmuit location with said signal power of said second
signal recerved at said user device at said first receive
location and transmitted from said second communica-
tion device at said second transmait location.
5. The method of claim 1, wherein said first communica-
tion device at said first transmit location assigns a first sub-
carrier from said first plurality of groups for use 1n a {first
sector of a cell and assigns a second subcarrier from said first
plurality of groups for use 1n a second sector of said cell.
6. The method of claim 1, further comprising:
determining groups of said first plurality of groups to be
used for subcarrier allocation 1n a cell; and

determining power levels for said determined groups of
said first plurality of groups to be used for said subcarrier
allocation 1n said cell.
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7. The method of claim 6, wherein said determining said
power levels for said determined groups of said first plurality
of groups to be used for said subcarrier allocation 1n said cell
comprises predicting cell loading.

8. The method of claim 6, further comprising;

updating said determining said power levels for said deter-
mined groups of said first plurality of groups to be used
for said subcarrier allocation 1n said cell;

determining updated power levels for said determined
groups of said first plurality of groups to be used for said
subcarrier allocation 1n said cell; and

adjusting subcarrier group assignment of said first plurality
of groups.

9. A system for wireless communication power control

comprising:

a first transmitter at a first transmit location, said first
transmitter transmitting a first plurality of wireless com-
munication channels, wherein said first plurality of
channels 1s allocated mto a first plurality of groups,
channels of each group of said first plurality of groups
having a consistent transmit power level, said each
group of said first plurality of groups having a different
transmit power level from others of said first plurality of
said groups; and

a {irst controller, said first controller operable to assign one
of said first plurality of channels for a first wireless
communication link, wherein said assignment 1s based.,
at least 1n part, upon a power level requirement recerved
from a mobile station, said power level requirement
being based, at least 1n part, upon a comparison of a
signal power of a first signal received at said mobile
station and transmitted from said first transmitter with a
signal power of a second signal received at said mobile
station and transmitted from a second transmitter over
said one of said first plurality of channels, wherein said
first wireless communication link uses Orthogonal Fre-
quency Division Multiple Access (OFDMA), said {first
controller 1s further operable to receive an updated
power level requirement from said mobile station,
wherein said second transmitter 1s at a second transmit
location, said second transmitter transmitting a second
plurality of wireless communication channels, wherein
said second plurality of channels 1s allocated 1nto a sec-
ond plurality of groups, channels of each group of said
second plurality of groups having a same transmit power
level, said each group of said second plurality of groups
having a different transmit power level, and wherein a
group with a highest transmit power level in said second
plurality of groups uses different channels than a group
with a highest transmit power level 1n said first plurality
of groups.

10. The system of claim 9, wherein said first controller 1s
further operable to assign a new one of said first plurality of
channels for said first wireless communication link based, at
least 1n part, upon said updated power level requirement from
said mobile station.

11. The system of claim 9, wherein said first controller 1s
further operable to determine a suitable power level for said
first wireless communication link.

12. The system of claim 11, wherein said first controller 1s
turther operable to change said assignment when said suitable
power level changes.

13. The system of claim 9, wherein said first controller 1s
turther operable to modily said allocation of said first plural-
ity of channels.
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14. The system of claim 9, further comprising:
a second controller operable to assign one of said second

plurality of channels for a second wireless communica-
tion link.

15. The system of claim 14, wherein said second controller
1s Turther operable to determine a power level suitable for said
second wireless communication link.

16. The system of claim 9, wherein said first controller 1s
turther adapted to estimate an interference parameter using
said comparison of said signal power of said first signal
received at said mobile station and transmitted from said first
transmitter with said signal power of said second signal
received at said mobile station and transmitted from said
second transmitter.

17. A system for wireless communication power control
comprising;

a first transmitter adapted for simultaneously transmitting,
multiple wireless signals to multiple users from a first
location; and

at least one controller adapted for controlling said trans-
mission of said multiple wireless signals, said at least
one controller adapted for allocating said multiple wire-
less signals 1into a first plurality of groups, signals of each
group of said first plurality of groups having a consistent
transmit power level, said each group of said first plu-
rality of groups having a different transmit power level
from others of said first plurality of said groups,

wherein said allocation by said at least one controller
adapted for allocating said multiple wireless signals into
said first plurality of groups is based, at least 1n part,
upon one or more power level requirements recerved
from one or more of said multiple users, said one or more
power level requirements being based, at least in part,
upon a comparison of a signal power of a first signal
received at said one or more of said multiple users and
transmitted from said first transmitter with a signal
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power ol a second signal received at said one or more of
said multiple users and transmitted from a second trans-
mitter, said at least one controller further adapted to
receive one or more updated power level requirements
from said one or more of said multiple users, said first
transmitter 1s further adapted for simultaneously trans-
mitting said multiple wireless signals to said multiple
users from a second location, said at least one controller
1s further adapted for controlling said transmission by
said first transmitter, said multiple wireless signals are
allocated 1nto a second plurality of groups, signals of
cach group of said second plurality of groups having a
same transmit power level, said each group of said sec-
ond plurality of groups having a different transmit power
level, and a group with a highest transmit power level 1n
said second plurality of groups uses different channels
than a group with a highest transmit power level 1n said
first plurality of groups.

18. The system of claim 17, wherein said at least one
controller 1s further adapted to estimate an interference
parameter using said comparison of said signal power of said
first signal recetved at said one or more of said multiple users
and transmitted from said first transmitter with said signal
power ol said second signal recerved at said one or more of
said multiple users and transmitted from said second trans-
mitter.

19. The system of claim 17, wherein said at least one
controller 1s further adapted to change said allocation when
said one or more power level requirements changes.

20. The system of claim 17, wherein said at least one
controller 1s further adapted to modity said allocation of said
multiple wireless signals.

21. The system of claim 17, wherein said allocation of said
multiple wireless signals 1s based on dynamic allocating
using allocating information for said first plurality of groups.
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